Abstract This study was performed to evaluate the effects of the volume fraction of an anaerobic reactor (VFAR) and SRT on the removal of T-N and T-P in both an intermittently aerated system (IAS) and intermittently aerated dynamic-flow system (IADS), respectively. When the VFAR in the total volume of reactor from both IAS and IADS are 13%, 7%, and 0% at 5 days of SRT, the removal efficiencies of T-P were 80-87%, 62-65% and <30%, respectively. However, it was observed from this study that the removal efficiencies of T-N and T-P were not correlated to VFAR at a predetermined SRT, producing greater than 5000 mg/L of MLVSS. Also, IADS was shown to have the greater buffer capacity and adaptability to resist the shock due to the loading of high concentration of N. Furthermore, IADS achieved over 80% of removal efficiency of N even at much lower C/N ratio of 4.7. Therefore, it seems that IADS has the significant advantages over other biological nutrients removal processes.
Introduction
A new regulation for the effluent following the treatment of swine wastewater has been effective in Korea since 1999. The discharge guideline includes BOD and SS concentrations less than 30 mg/L, COD concentration less than 50 mg/L, concentration of total nitrogen less than 60 mg/L, and total phosphorus less than 8 mg/L. Especially, swine wastewater includes the high concentration of organic matter, high fluctuation of flow rate, and concentration of the influent. As a result of this, the process of removing N and P from the night soil and livestock wastewater need to be introduced. Therefore, the advanced process, which is economical and efficient, should be urgently developed to biologically remove nutrients from the wastewater.
A new dynamic process is being developed and its performance evaluated, using intermittent aeration (alternatingly aerated and non-aerated) which is capable of steadily controlling the variable concentrations of the reactor (Sasaki et al., 1996; Klapwijk et al., 1998; Zhao et al., 1999) . The intermittent aeration system (IAS) has flexibility in adapting the variable concentrations of the influent of the wastewater. However, it was reported that it had some problems in the biological removal of N and P from the wastewater having the high concentration of N and low C/N ratio (Seo, 1995) .
Therefore, in this study, the performance and applicability of the IADS (intermittently aerated dynamic-flow system) was evaluated and compared with an IAS (intermittently aerated system) for the swine wastewater, which is the highly variable concentrations and C/N of influent. Also, the effect of VFAR (volume fraction of anaerobic reactor in the total reactor volume) on the removal efficiency of P was evaluated by SRT and the MLVSS.
The characteristics of influent used in IADS are shown in Table 1 . The concentrations of N and P were greatly varied with time and C/N ratio was 4-10 (average 6), which indicated insufficient organic matter to remove the nutrients. HRTs used were 24 and 30 hrs and its corresponding organic loading rates were 4 kg/m 3. day and 2.8 to 3.2 kg/m 3. day, respectively.
One set of 2-stage IAS and two sets of IADS (IADS#1 and IADS#2) were used in this study. In both systems, the volumes of anaerobic reactor and main reactor were 4.5L and 10L, respectively. The total volumes of reactors of IAS and IADS except clarifier were 24.5L and 34.5L, respectively. The aeration/non-aeration mode of IAS was 1hr/1hr. In mode I of the IADS, the influent and return sludge were transferred to the anaerobic reactor and then next to the reactor 1 and the reactor 3. Reactor 1 was not intermittently aerated, resulting in the denitrification and P release, whereas reactor 2 was aerated in a batch mode, resulting in the nitrification. After predetermined flow alteration time (FAT), the I was switched to mode II. In mode II, the influent and return sludge were transferred to reactor 2, then after the whole schematic reaction, the same was as in mode I (Figure 1 ). 
(3) Figure 1 Schematic diagram of the IADS process
The operating condition of IADS is shown in Table 2 . Performances of IADS#1 and IADS#2 were compared at 2 hrs and 4 hrs of flow alteration time, respectively.
Results and discussion
The effects of the volume fraction of anaerobic reactor and SRTs on the removal of T-P are illustrated in Figure 2 .
When the volume fractions of the anaerobic reactor in the total reactor volume were 13%, 7% and 0% at 5 days of SRT, the removal efficiencies of T-N were 88%, 87.5% and 85.6%, respectively. This indicated that the removal efficiency of T-N was independent of the volume fraction of anaerobic reactor. At longer SRTs of 10 and 12 days, the removal efficiency of N appeared to be over 95%. However, the effects of the volume fraction of anaerobic reactor and biomass on the removal efficiency of T-P were clearly observed. As the increase of the volume fractions of anaerobic reactor in the IADS from 0% to 13% at 5 days of SRT, the removal efficiencies of T-P were correspondingly increased up to 84% as shown in Figure 2 . At longer SRT of 10-12 days, the removal efficiency of T-P was 85-95%. Therefore, the volume fraction of the anaerobic reactor did not affect the removal efficiency of T-P. The reactor operated at longer SRT was able to build up the biomass up to 8,000 mg/L of MLVSS and also able to reach the anaerobic condition within a much shorter period of time. Furthermore, the floc size of the reactor became larger, leading to a simultaneous nitrification and denitrification inside the floc of biomass (Collivignarelli and Bertanza, 1999) . Figure 3 shows the relationship between the concentration of biomass and the removal efficiency of T-P in the absence of anaerobic reactor. At the concentration of greater than 5,000 mg of MLVSS/L, the removal efficiency of T-P showed greater than 70% even in the absence of anaerobic reactor.
For the operation of the pilot plant, the concentrations of NO 2 -N was found to be 10 mg/L during the initial 30 days for IADS, whereas, it was 20 mg/L after the initial 10 days for IAS. This indicated that IADS had better flexibility than IAS for the treatment of high concentration of ammonia-N contained in the swine wastewater. Anthonisen et al. (1976) reported that the high concentration of NO 2 -N was attributed to the inhibition of H.W. Hur et al. 369 Nitrobacter, resulting in the buildup of nitrite during the oxidation of ammonia. By considering that pH and NH 4 -N/L of the influent were 8.2 and 600 mg, respectively, the calculated concentration of free-ammonia in both reactors was 2.5 mg/L, which obviously exceeded the critical level of inhibition of Nitrobacter. As HRTs of the both processes were increased to 30 hrs, the nitrite was accumulated in IAS, while; it was gradually decreased in IADS. It was due to the dilution effect caused by the dynamic flow pattern, which is one of the key features of IADS. During the initial stage of operation, the concentration of total nitrogen from the effluent was over 300 mg/L on the IAS. Seo (1995) reported that the removal efficiency of N by IAS was decreased on the shock-loading rate of the high concentration of N. However, the complete nitrification was accomplished by IADS (Figure 4 (right) ). Accordingly, IADS has a greater flexibility to cope with the shock loading of nitrogen resulting from the high concentration of N, which indicated that it is a stable process.
One of the most important variables in the BNR (biological nutrients removal) system is the ratio of carbon to nitrogen (C/N ratio). It was reported that the C/N ratio used should be above 8 in order to achieve over 80% of removal efficiency of N (Kuba et al., 1996; Yang et al., 1999) . However, IADS achieved the same magnitude of removal efficiency of nitrogen even at much lower C/N ratio of 4.7, since the organic carbon of the influent was exclusively used for denitrification in the reactor at non-aeration mode ( Figure 5 ). In general, the removal efficiency of T-P was decreased as the concentration of NO 3 -N was increased as shown in Figure 6 . This is mainly due to the poor anaerobic condition resulting from the low C/N ratio and the accumulation of oxidized N compounds in the reactor rather than the lack of carbon source needed for the phosphorus accumulation organism (PAO's). Based on the results, IADS is considered as a stable process compared with other processes in that it showed the good adaptability to the nitrogen shock loading H.W. Hur et al. 370 Figure 3 Correlation between biomass and T-P removal efficiency in the absence of anaerobic reactor Figure 4 Temporal variation of T-N concentration (left) and removal efficiency (right) in IADS and IAS and the fluctuation of influent, and low C/N ratio. The concentration of biomass in IADS are in the range 7,000-8,500 mg of MLVSS/L during the entire operation. Sludge bulking was not observed at all HRTs, since the sludge volume index (SVI) was less than 150. The removal efficiencies of TCOD and TSS during the whole period of operation in IADS showed 93% and 88%, respectively. Total removal efficiencies of nitrogen and phosphorus achieved 87% and 78%, respectively.
Conclusions
The effects of the volume fraction of anaerobic reactor, C/N ratio, and variable concentrations of influent on the removal efficiencies of the nutrients N and P were studied in IAS and IADS. The effect of the biomass concentration on the removal of phosphorus was also evaluated. Based on the experimental results, the following conclusions were obtained. First of all, when the VFAR in the total volume of reactor from both IAS and IADS were 13%, 7%, and 0% at 5 days of SRT, the removal efficiencies of T-P were 80-87%, 62-65% and <30%, respectively. However the anaerobic reactor was not a necessary part of the total treatment system in IADS when the biomass concentration exceeded 5,000 mg/L of MLVSS. In the second, free ammonia concentration of 2.5 mg/L inside the reactor exceeded the inhibition level for the Nitrobacter, eventually resulting in the accumulated of NO 2 -N. In the 2-stage of IAS, it takes 20 days to reach the stable nitrogen concentration in the effluent, whereas, in the IADS, it takes 2-4 days. Therefore, IADS proved much more efficient process than other BNR processes in rapidly overcoming the nitrogen fluctuation of influent. Finally, IADS achieved over 80% of removal efficiency of nitrogen even at much lower C/N ratio of 4.7, since the organic carbon of influent was exclusively used for denitrification in the reactor at non-aeration mode. 
